WORLD INTELLECTUAL PROPERTY ORGANIZATION 
international Bureau 



per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 

C12N7/00, 11/02, 11/06 
C12N 15/00, A01N 63/00 
A61K 37/00 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 92/06180 

I 

16 April 1992(16.04.92) 



(21) International Application Number: PCT/US91 /071 03 

(22) Internationa] Filing Date: 27 September 1991 (27.09.91) 



(30) Priority data: 

590,956 
722,700 



1 October 1 990 (0 1 . 1 0.90) US 
28 June 1991 (28.06.91) US 



(71) Applicant: UNIVERSITY OF CONNECTICUT [US/USV 

Storrs, CT 06269 (US). J ' 

(72) Inventors: WU, George, Y. ; WU, Catherine, H. ; 15 

Rundelane, Bloomfield, CT 06002 (US). 

(74) Agents : DeCONTI, Giulio, A., Jr. et al.; Lahive & Cock 
Held, 60 State Street, Boston, MA 02109 (US). 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), CA, CH (European patent), DE (Euro- 
pean patent), DK (European patent), ES (European pa- 
tent), FR (European patent), GB (European patent), GR 
(European patent), IT (European patent), JP, LU (Euro- 
pean patent), NL (European patent), SE (European pa- 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: TARGETING VIRUSES AND CELLS FOR SELECTIVE INTERNALIZATION^^ 

(57) Abstract 

face ^Z^T^To^^ "* * °" "» ~ 

internals by the target cell. The method provides vectojf™ seleSelr^ of T f f WndS thC teCept0T "» vivo « nd is 
a means to alter the tropism of an infectious agent. ^ of nucleic acids to specific cell types in vivo and 



FOR THE PURPOSES OF INFORMATION ONLY 
* "Si!* Stau * P a ^ ^ the PCT 



applications under the PCT." 



on the front pages of pamphlets publishing international 



AT 

AU 

BB 

BE 

BF 

BC 

8J 

BR 

CA 

CF 

CG 

CH 

CI 

CM 

CS 

DE* 

OK 



Austria 

Australia 

Barbados 

Belgium 

Burkina Fa>o 

Bulgaria 

Benin 

Brazil 

(Canada 

Central African Republic 
Congo 

Switzerland 
Cj&tc d*I voire 
(Jam croon 

Czechoslovakia 

Germany 

Denmark 



ES 

Fl 

FR 

CA 

CB 

CN 

CR 

HU 

IT 

JP 

KP 

KR 

LI 

LK 

LU 

MC 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Guinea 

Greece 

Hungary 

Italy 

Japan 

Democratic People's Republic 
or Korea 

Republic of Korea 
Liechtenstein 
Sri Lanka 
Luxembourg 
Monaco 



MC 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


PL 


Poland 


RO 


Romania 


SO 


Sudan 


SE 


Sweden 


SN 


Senegal 


su+ 


Soviet Union 


TD 


Chad 


TC 


Togo 


US 


United Slates of America 



»y ^ffiS^SK^^ ye« known whether 



WO 92/06180 



-1 



PCT/US91/07103 



TARGETING VIRTTSWE AND PET.T.g e-ap 
SELECTIVE INTERNAL T 7. flT jppj RY rFT , T , R 



05 



10 



15 



20 



Background nf the Tnvpnf^. 

Viruses represent a natural and efficient means 
for the introduction of foreign genes into cells. 
For this reason, they are useful tools for the study 
of genes, and gene regulation in vitro and for gene 
therapy. However, most viruses have broad cell 
specificity and can infect a wide variety of cell 
types. This can lead to foreign gene expression in 
many tissues, some of which may be undesirable 
especially for clinical applications. 

Generally, viral infection is mediated by 
interactions between viral envelopes and plasma 
membranes of target cells. i„ many cases , specific 
viral structures are recognized and bound by 
cellular receptors. For example, HIV employs 
envelope glycoproteins to bind to helper T 
lymphocytes via CD4 (T4) receptors. Dalgleich, 
A - G -« £t 1L. Marg 112:763-767 (1 9B 4). These 
interactions have been shown to be responsible for 
the observed species and organ specificity 
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Some investigators have shown that virus 
specificity can be redirected by attaching 
antibodies to viruses. For example, Goud, B., 
fii Ai^ Yimlaay 1^:251-254 (1988) li„ ked 
anti-transferrin receptor antibodies to obtain 
delivery of a retrovirus to human cells bearing the 
transferrin recenf-nr u~ ing tne 

internal^ However, while binding and 

r:;:;': t vectors --*™ 

a target call ana obtaining infection and 
:„e P C ap" i0n " lrUS W ° Uld ^ U5SfUl *" — 
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Summary Q f thp InvfinH - nw 

The invention pertains to a method of targetina 
a virus or a cell ^ *. targeting 

internal?™!- ■ 9et ° el1 for elective 

£or r~r Matter:.": 3 " 63 

A virus or cell is targeted to the tar no f 
for internai 1 -„4- ; m cne target cell 

speclfx! " 7 introduci ^ a receptor- 

specific molecule onto the surface of th / • 

cell to produce a modified v irus oVcelTwL'T " 

specifically binds to a receptor the 1 

the tarqet e-n 6 surf ace of 

target cell. The modified virus or n.i, 
administered . cel1 can be 

selerH , t0 an or 9 a nism where it binds 
selectively to the receptor of fhc . 
receptor-Mnam, result Z ILTJlllV 

target cell. Vernalization by the 
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The cellular receptor can be a receptor which 
mediates endocytosis of a bound ligand such as the 
asialoglycoprotein receptor of hepatocytes and the 
receptor-specific molecule can be a natural or 
05 synthetic ligand for the receptor. The 

receptor-specific molecule can be introduced onto 
the surface of the virus or cell (e.g., onto a viral 
envelope or cellular membrane) by chemically 
coupling it, either directly or through bridging 
10 agents, to the surface or by treating the surface to 
expose the molecule for receptor recognition 

The method of this invention can be used to 
Produce viral or cellular vectors for selective 
delivery of material such as nucleic acid (genes) to 
15 a target cell. For example, exogenous genes can be 
incorporated and expressed selectively in a target 
cell These vectors can be used in gene therapy and 
in other applications which call for selective 
genetic alteration of cells. 

the ZT 3lSO Pr ° VideS 3 meanS f ° r alt --g 

virus h Pi5m ° f ^ inf6CtiVe agent «ch as a 

virus bacterium. An infective agenfc cgn be 

modified so that it will infect a cell which in 
unmodified for,, it woula not nQrmally 

no hlT r imal m ° delS ° f hUman — -Meh do 

not have adequate experimental animal counterparts 

can be developed for study of the diseases. For 
example an ecotropic human pathogen (such as the 
hepatitis or AIDS virus) can be modified to infect a 

s^y o m ; n th h ° St r Pr ° dUCe ^ — — ™ for 
study of the pathogen and the disease. 



20 
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Brief Description n f fcfag Firj,,,-^ 

Figure 1 shows is B-galactosidase 
expression in NIH 3T3, HepG2 and SK Hepl cells 
treated separately with unmodified or modified 
05 murine leukemia virus. 

Figure 2 shows internalization of 

35 S-biolabeled modified Moloney murine leukemia 
virus. 

Figure 3 shows a chromatogram of asialooro- 
mucoid-complexed Psi 2 virus on Sephadex G150 

Figure 4 shows the B-galactosidase activity of 
various cells exposed to Psi2 virus-asialoglyco- 
protein conjugate. 

15 A virus or cell is targeted for selective 

internalization intn » ^ar-«^4- 

surface «r ^ 9 Cel1 by modi ^ing the 

surrace of the virus or cell tr> 4«4-- ^. 
which *r^-*. introduce a molecule 

wnich specifically binds to a <*„^ 
fht , * as to a surface receptor of 

20 on l*° C611 ' C6llUlar SUrfa « receptor is 

20 one which will mediate internalization of the 

targeted virus or cell. The modifier. 

bind* «-« <-v, mooified virus or cell 

binds to the receptor of the target cell in „• 

is internalized by the cell. ■ 

According to the method of this invention 

™* T\ he modified to infect ^-ific ; et 

cells. such modified viruses r^n k 

viruses can be used to 

selectively deliver exogenous f„ n ,f 
target cell ^ « » ogenous, functional DNA to a 

30 :rrrrr in --- - : - 

virus can bo altoroa or redirects to t.rg.t 
mfoctod by the virus in natural unaltetea> y fom 
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A variety of different enveloped viruses can be 
targeted by the method of this invention. The 
viruses can be RNA (retroviruses) or DNA viruses 
(e.g., hepatitis virus, adenovirus). The virus can 
05 be replication defective or otherwise defective in 
structure or function. For example, viral particles 
either essentially or completely devoid of genomic 
nucleic acid (e.g., "empty viral envelope) can also 
be targeted. 

10 The present method also provides a means of 

targeting cells. These include cellular organisms 
such as bacteria, protozoa or trypanosomes whose 
tropism can be altered. In addition, mammalian 
cells can be targeted. 

15 The receptor-specific molecule can be a ligand 

for the surface receptor of the target cell. 
Preferably, the molecule is a ligand for a cellular 
surface receptor which mediates internalization of 
the ligand by the process of endocytosis, such as 
20 the asialoglycoprotein receptor of hepatocytes . 

Glycoproteins having certain exposed terminal 
carbohydrate groups can be used as receptor-specific 
molecules. For specific targeting to hepatocytes, 
asialoglycoprotein (galactose-terminal) l igan ds are 
preferred. Examples of asialoglycoproteins include 
asialoorosomucoid or asialof etuin . other useful 
galactose-terminal carbohydrates for hepatocyte 
targeting include carbohydrate trees obtained fr , 
natural glycoproteins, especially tri- and 
30 tetra-antennary structures that either contain 

terminal galactose residues or can be enzymatically 
treated to expose terminal galactose residues In 
addition, naturally occurring plant carbohydrates 
such as arabinogalactan can be used. 
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carh l°l tar96tin9 ° ther receptors, other types of 

mann r' 68 ^ USSd - F ° r "-nose ana 

mannose-6 phosphate or carbohydrates having these 

os ;:::: ai car ~^ ^ used 9 to hese 

target macrophages or endothelial cells. 

Other receptor ligands such as oeoMflo v, 
Cf)11 irt _ -i . dS Peptide hormones 

could also be. used to target viruses or cells to 

corresponding receptors. These include insulin 

cen ^^nr; t t ^rr™ fi0 - i ~ bi - 

Ui rece Ptor-like molecule eu~t, 
an antibody, which binds a ligand (. a I' , " 
the cell surface ta H^- antigen) on 

15 surface receptors ctnT f ° r C6llular 

Procedures ^ by St ™**** 

The receptor-specific molecule is * 
onto the surface of the vim. introduced 

will be recognized bv th " ^ "° that ifc 

- receptor. F l I^^^""" 1 " 

molecule can ho i «. I r eceptor-specif i c 

xe can be introduced r>n+-« 4-v 
vim* or- «.u "uucea onto the envelope of a 

virus or the membrane of a cell t 

molecule win w t , general, the 

uie win be counled +-o 

protein a p 0n ( ° r ex P°sed on) a 

Proteinaceous component of the s ,,rF= 

25 components may be used. ^ ° ther 

The receptor-specific molecule can b* 
introduced onto the surface of +1 

-^^yxycoprotein receptor^ n a « v. 
coupled to viral or cellular f C ° Valent ^ 

lactosamination, reductive aminaf Pr ° teins 

uve arnmation, or via 
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iminomethoxyethyl derivatives. in other 
embodiments, the receptor-specific molecule can be 
chemically coupled to components of the surface of 
the virus or cell through bridging agents such as 
05 biotin and avidin. For instance, a biotinylated 
receptor-specific molecule can be linked through 
avidin or streptavidin to a biotinylated surface 
component of the virus or cell. 

Alternatively, the virus or cell can be 
10 chemically treated to expose a receptor-specific 
molecule on the surface. Surface polycarbohydrates 
can be enzymatically cleaved to expose desired 
carbohydrate residues (e.g., galactose residues) as 

15 aL r T a *- reSidUeS SPeCif±C reCSPt0r -cognition 

15 and binding. For example, neurominidase treatment 

of certain polycarbohydrates leaves exposed terminal 

galactose residues in a tri- or tetra-antennary 
arrangement. 

20 v ^ m ° dified Virus or is administered in 

r^: t 9ener3lly " " am ° Unt to saturate 

recep tors of the target cell and thereby maximize 

uptake by the cell. They can be administered 
Parenterals (typically intravenously) in a 

25 Ian;:! 091 " 11 " aCCSPtable VShiCle SUCh - — 

select^ ° f invention «n be used to 

selectively deliver nucleic acid (DNA or RNA) to a 
target cell ^ ^ (or ^ so 

expressed in the cell. The nucleic acid can be" an 
30 exogenous gene, a genetic regulatory element or n 
n sense inhibitor of gene function. The nucleic 

been 11^7°^ ^ * * nl VeCtor *« 
been modified, according to the method of this 
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invention, to target it to the cell. Preferred 
viral vectors for delivery of foreign genes in vivo, 
(or £x viva) are retroviruses. The targeted viral 
vector is administered in viy^, as described, where 
it is selectively taken up by the target cell 

The method of this invention can be used to 
alter the natural tropism of an infectious agent 
nootropic (species-restricted) agents can be made to 
infect species which they normally, in unmodified 
10 form, do not infect. The ability to target the 
xnfectivity of an infectious agent can be used to 
develop new experimental systems for the study of 
human infectious diseases to produce cells that can 
correct genetic defects in ^ or target g 
15 corrective gene la vj vo . 

Certain pathogenic viruses such as hepatitis 
virus or human immunodeficiency virus infect only 
human cells. By the method of this invention, such 

20 eLT 65 bS m0dlfied t0 Snable th - to infect 

20 ^"mental animals such as rodents. For example, 

the hepatitis virus which < nfo „, n p ' 

rus whlcn mfects only human liver 

cells, can be modified so that it will infect 

non-human liver r P n c ~ , 

hepatitis 7 develop rodent models of 

25 ' eXample ' 3 li9and rodent 

•-x.loglareoprot.in receptor (e.g., galactose) can be 

produced onto the surface of the hepatitis virus 

Zfir T 9 m ° dified hepatitis "Hah w 11 

vLus wh^r liV6r C611S - m ° difi - 

30 Ldent o ? a \ lnfeCt 9 r ° dent thS infe ^ed 

° r !° dent C6llS < P^iaes an experimental 
anxmal system for study of the hepatitis virus 
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The invention is illustrated further by the 
following examples. 



EXAMPT.F i 



C^iral Modification and AT^^^ ^ Hr>gf , 

05 SpeCifiritv nf a R e tTrnv-ir 1 T cr 

A model retroviral system was used. The virus 
an ecotropic, replication-defective, Moloney murine' 
leukemia virus containing the gene for bacterial 
fi-galactosidase produced in a t cre cell line was 
10 kindly provided by Dr. James Wilson, University of 
Michigan. Wilson, , ^ ^ p^^^^ 

Ssi-IISA ^Z:439-443 (1990). Under normal 
cxrcumstances, this virus infects only rodent 

15 HSA ^3014-3018 (1 98B); Cond?!?^^^^ 
ill:2 1-254 (1988). The producer cells werl^rZ 
m Dulbecco-s modified Eagle's medium (GIBCO 

10- h r e a a fc r ieS ' G " nd ISl8na ' NY) -PPlemented with 
20 viru wi t T (GIBC °>- T ° P-Pare 

-rum p rotei lamination as possible from 

serum protein., producer cells were cultured in 
serum-free Dulbecco's modified Eagle's medium for 3 

using this viral preparation/ str : te f ; x r es 3 

25 Tf We 7 l0Ped ^ -""""on of the surface 

of t he harvested virus: A) chemical coupling of 
galactose residues to the virus and B) chemical 
coupling of an asialoglycoprotein to the virus 
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*■ MWTOSAHTN>TTn» n» S EX BSms sSBS 

accoi i „ t r s t wa ; h isoiatea fr ° m the CUltUre 

05 of lactos.Y ° m ° aifiea '° per "' it 

of lactose durxno the isolation procedure. I„ 

XO Zoi VlrU5 - Ct, " taln1 ^ — 1- »as applied on a 

subst a aT 9 " aIent ^ Whi=h -i«to.. »as 
substrtuted tor sucrose (si™, St. Louis Mo, in 

10 mM Trie; n tea „ Xis ' m 

10 „,* Tr "-Cl. 150 no b.ci, 1 « edta, ana was 

10 ultracentrifuged (LB-55, Beckia.u r..a 

»-». €») at ,0.000 rp^ iTTi 5 Mt ™"'"' Sa ° 
•t 4-c for 17 hours s! 0t ° r < B «*».n> 

various pHs 7 a a a adjUSted t0 

order to all t0 ""'""Mtion in 

15 Za a- aetetmine conditions for 

::r:rt h e A ";: 0 centti£ — • «- — 

Of Protein (0 T^ZTT 
20 (1988). Following dialytift "^^^ ^=251-254 

es Sential medium a 9 t d ;: c ly 2 a 4 ga - st 1-1— 

were sterili 2e d by passaae th ' ^ 

(Gelrnan science Co T filte « 

of tne a.ount of vi r^Tell' ^ ' 
25 exposure to cells was ^lYZll ^^ ^ t0 

(Bio-Rad, Los Angeles ^ * 3SSay 

manufactured J T^L™^ '° 

assa y < Nunro , H.N. and Fleck T ^ * ~ 

30 ™„ ^J-S66)) after rna extracting 

Cho mczy nski , P. and Sacc . stractxon. 

1^:156-159 (1987). Fe ta ^ 

added subse g uentl y to T ake a lT T" ™ 

sta b ii ity experimen al r: a : P ° e ution - Except 

°' samples were used 
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immediately after preparation. Viability of 
unmodified virus preparations was determined by 
transection assays in NIH 3T3 mouse fibroblasts 
using limiting dilutions of viral stock (Danos, 0 
05 and Mulligan, R.c. Proc. , ri ^ 

&5_:6460-6464 (1988)) and guantitated by 
determination of positive cells stained with X-gal. 
Sanes, J.R., fit aj^ 1MBQ_J^ 5:3133-3142 (1986). 

For uptake studies, virus was biosynthetically 
10 labeled by incubation of producer cells (5.0 x 10* 
cells) in 50% serum-free and 50% serum- and 
methionine-free Dulbecco's modified Eagle's medium 
containing 10 uCi/ml 3 5 s _ methionine (Amersham/ 
Arlington Heights, IL) for 3 days. Virus was 
xsolated from supernatants and modified as described 

above followed by dialysis against minimum essential 
medium. 



Cells ar^ CeJJ CnUura 

To evaluate the effects of chemical 
modifi cation on viral infection specificity/ 

cell llnea e emploved: human hepatoma c 

Hep G2 , asxaloglycoprotein receptor ( + ) (Schwartz, 
fit iL, i^Bi^l^^hfi^ 2^:8878.888! (198 

obtaxned from B.B. Knowles , Wistar Institute, 
Philadelphia, PA; and SK Hepl/ receptor () ^ 

Bronx T AlbSrt EinStein C ° llege ' ° f Mycins, 

Bronx, NY; a rat hepatoma cell line, Morris 7777 

30 r;; 2 G ::r ri m Tz fibrobiast — 

(1988^ \ Z Virology 163:251-254 

8, h h ;t 1S alS ° asial ° 9 ^oprotein receptor 
< )• The latter two cell lines were purchased from 
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American Type Culture Collection (Rockville, MD) 
All were maintained in Eagle's minimum essential 
medxum supplemented with 10% heat inactivated fetal 
bovxne serum at 37°C under 5% co 2 . 

Exprestfinn ~ 

in order to determine whether virus remained 
infectious and functional after chemical 
modification, the two human and two rodent cell 
lines were exposed to modified and unmodified virus 

c b v easurement ° f cei — —la^si : 

0 5 2 0 06115 Plat6d at * *™^y of 

Falco I CellS/ml in 60 ~ PlaStic 

v -Falcon Scientif in t ^ 

u C1C v*o f Lincoln Pa-rir kit\ ~ 

m am^, x. UUin "irK/ NJ) . Egual 

mollf ; W RNA ' (0 - 5 ^ Viral P^in) of 

™dxfxed and unmodified virus, in Dulbecco's 

-oaxfxed Eagle . s medium were added to the culture 
medxum and exposed to cells fnr * . culture 

5% COo cell. dayS 3t 37 ° C und " 

^2 • cells were assayed fnr n -i 

20 activity as a m . fi "9alactosidase 

ty 35 9 measure of foreign gene expression 
according to the method of Gorman rm PreSS1 ° n 
Clanifltt, vol 2 ed, r, (Gorman, C . DNA 

L ^ sL ' vox - z ed s, Glover, D.M trt t>r.~~ 
Wachin^t ~ ^-11. xkoj Press, 

rvasnington n c i *it-~ , 

3 i^.u. pp 157-158 Cl98fiM -r * . 

™nola yets <,pp roiilaatssly w ceils/60 ^ 

The lysate , 0-1 ^ - - then 

o-nitrophenyl- galactopyrant)s lth 

B-galactosidase activity quant f f ° ! ' 9 " 

■t 420 nm after .„„•!• 9Ua " tltatea abaorb.nca 
xim arcer addition of Na^rn 4- 

30 reaction. Result a2C ° 3 to terminate the 

cellule expressed in u/mg of 

cellular protexn according to the method by Norton , 
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P.A. and Coffin, J.M. Mol . C*n ni n i 5:281-290 
(1985), using purified E_i_ golj B-galactosidase 
(Sigma) activity as a standard. Protein 
concentrations of the cellular samples were 
05 determined using a Bio-Rad Protein Assay Kit 
(Bio-Rad) following the manufacturer's 
instructions. For competition experiments, virus 
was added to the cell media together with a 100-fold 
molar excess of a natural asialoglycoprotein, 
asialoorosomucoid, prepared by desialylation (Oka, 
J. A., and weigel, p.h. J. Bim. r^, 25B . 
10253-10262 (1983)) of orosomucoid as previously 
described by Whitehead., D.H., and Sammons, H.G. 
B^QChjm , Bipphyp, Arf n 124:209-211 (1966) 
15 Background enzyme activity was determined " in 

corresponding untreated cells and subtracted from 
the values of viral-treated samples. All assays 
were performed in triplicate and the results 
expressed as means + S.E. 

20 Table 1 shows that unmodified virus did not 

Produce enzymatic activity in human HepG2 or SK Hepl 
cells as expected from the ecotropism of the virus. 
Also modified virus did ^ produce fi _ galactosidase 
activity » SK Hepl, asialoglycoprotein receptor (-) 
cells. However, modified virus did produce high 
B-galactosidase activity, 71.2 ± 4 . 8U/mg of cellular 
protean xn human HepG2 , asialoglycoprotein receptor 
(+> cells. Furthermore, this enzymatic activity was 

30 ZZ J SUPPr6SSed by —"ion of a large moL 
excess of asialoorosomucoid, supporting the notion 
that the transfection by modified virus was, in 
fact, mediated by asialoglycoprotein receptors. As 
expected from the ecotropism, B-galactosidase 
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activity was high, 50.6 ± 5.2. in Morris 7777 rat 
cells after exposure to unmodified virus 
interestingly, 3-galactosidase activity in these 
same cells was significantly lower when exposed to 
the same amount of modified virus. The same 

tendency was seen in originally susceDHh1c 

NTH nr-i »«xj.y susceptible murine 

«itt cell as enzymatic acfciviw 

. .,. * L activity after exposure to 

unmodified virus 5fi 7 i q ° 

that foil ■ ' WaS 11103:6 than do ^le 

that following exposure to modified virus 

The coupling reaction linking lactose to ~ 

conditions 38 Th ^ ^ 6nhanCed Under 

' B * A - and Gray, G.R. Arch 

^^^^1^:542-549 (1977). HowevTrTsuch 
15 Zl C ° Uld ^ detrim ^al to the virus. To 

ye f r :;::. the ° ptimai ph that m 

yet functional vectors, virus modified at different 
PHs were administered to HepG2 cells, and 
B-galactosidase activity measured T abl* r> v, 

that enzymatic activity rose f ! Kn ShOWS 
20 viru* m o^- c - . tlvl ty rose from 50.3 + 1. 2 , for 
virus modifxed at pH 7.4; to 71.2 ± 4 8 f«r • 
modified at ph a n « ' r Vlrus 

sin . f . PH 8 -°' Ho "ever, activity was 

significantly lower, 25.1 + 2 4 

with virus modified at P H S 4 ^ tMM 
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Table 1 



w Cellular B-Galactosiria ^ a^^y, 
Following Exposure to vir.i p repa r a fin,cx 

B-Galactosidase Activity* 
Mean + S.E. (U/rog) 



05 Rector Un ™ difie(3 Modified Modified 

TtTuV VirUS VirUS Virus + 

ASOR** 

Cell Line 
(Source) 

10 HepG2 

(human) ( + > 1 r j. i a 

SK Hepl ± 1,9 71 - 2 ± 4.8 2.9 + 1.1 

(human) (- ) i 7 , , , _ „ 

Morris 7777 1 -7±3.4 0.8 ±4.6 1.6+2.5 

" TOSTS (_> 5 °- 6i5 ' 2 ".a ±4.4 15.7 ±4.7 

(-use) (-> 52.1 ± 4 . 9 15 . 4±1 . 1 16 . 3±3>9 

+ ^^^IsTo^Ut PH *'° then incubatea 

20 * sssa^s.ss'sss: in activity b — 

" excess° rOSOniUCOid (AS ° R) in 10 °-f°ia molar 
AsG, Asialoglycoprotein 
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Table 2 



TransfftpMon j n ^p GTrZii^ ^ 

Specific B-Galactosidase Activity 
(Mean ± s.E. U/mg protein)* Y 



05 

7.0 
8 . 0 
10 8.4 



Modified Virus 



5 0.3 + 1.2 
"71 -8 ± 4.1 
2 5 . 1 + 2.4 



Modified Virus 
+ Asialoorosomucoid** 



6.4 + 1.9 
4.9 ± 0.4 
0.0 + 1.6 



after 5 days of exposure to modified virus. 
B-galactosidase activii-u- 

modified virus plus I ioo-L?5 mP ? S fcreat ^ with 
asialoorosomucoid J-OO-fold molar excess n * 



excess of 
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HigtOChemical S taining to Demonstrate 
fl-qglactosidase Ant-iv-ity 

To confirm the colorimetric results, and to 
determine the fraction of cells that expressed the 
05 B-galactosidase gene after exposure to viral 
samples, histochemical staining of in situ 
13-galactosidase activity was performed according to 
the method of Sanes at ^ EMBO .t. 5:3133-3142 
(1986). m brief, cultured cells in 35 mm dishes 
10 containing 0.5 -1 x 10« cells treated for 5 days 
with equal amounts, 8.4 U g of viral RNA (0.3 mg 
viral protein), of modified or unmodified virus. 
Cells were fixed in 0.5% glut a r aldehyde (Sigma), 
Phosphate buffered saline, then incubated with 1 mM 
15 Mgci 2 , phosphate buffered saline, and overlaid with 

lmg/ml 4-Cl-5-Br-3-indoylyl-B- ga iacto S idase (X-gal) 
(BRL, Washington, D.C.), 5 mM potassium 
ferricyanide, 5 mM potassium ferrocyanide and 2 mM 
MgCl 2 in phosphate buffered saline. After 
incubation at 37°C for 1 hour, the dishes were 
washed in phosphate buffered saline to guench the 
reactxon and evaluated by counting positive (blue) 
cells under a light microscope and the results 
expressed as the percent of positive/10 high power 
25 fields. 



20 



30 



la SOU staining for 13-galactosidase activity 
in cells treated with various viral preparations is 
shown in Figure 1. i„ roaent „ H 3T3 cellg 

with unmodified virus, panel B, 12.6% were positive 
for B-galactosidase activity using the X-gal stain 
Background staining in untreated NIH 3T3 cells was" 
not detectable, panel A. After exposure to modified 
virus, only 3.6% were positive under otherwise 
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identical conditions, panel c. Human SK Hepl cells 
that were untreated, panel H, or exposed to either 
unmodified virus, panel I , or modified virus, panel 
J, failed to develop detectable staining. 
Similarly, HepG2 , asialoglycoprotein receptor ( + ) 
cells treated with ^modifi^ virus, panel E, did 
not develop evidence of significant B-galactosidase 
activity. However, HepG2 , receptor ( + ) ce i ls 
10 T! Sd m ° difiea virus ' P^el F , did develop 

thai 3? Stainin9 ' Mi "— ^ counting revelled 
th t 36 4 , of the HepG2 , cells possessed detectable 

comoL, 7™' ^ ° bSerVed COl ° r d -^°Pn»ent was 
completely suppressed by addition of a 100-fold 

molar excess asialoorosomucoid to compete for uptake 
15 by asialoglycoprotein receptors, panel G, Lie! 

IZIZT " "^^coprotein receptors T^T 
transrection process. 

As says fo r r PU lll ai . Pptl , hp nf w ^ 

20 actuallv^r 1 "" 6 *** """^ Vi ™ s »« 

asiaiooT ^ ^ C6llS an<3 ' " S °' whe ther 

asialoglycoprotein receptors were inv„i „ 

CI r tt . *^ ^ w «re involved* Hennp 

He Pl and Morris 7777 cells * n -, n 5 «e P G2, 
j- , ceils, 5.0X10- 5 cellcy-ac „„ 

dish, were incubated at 37-r i„ . cell s / 35 mm 

n. *i i_ c ln serum-free 

Dulbecco's modified Eaal e -« mo „ • 
" 35 s _ biolabeled/ « £• ™ -*« containing 

<" W viral protein) (Watanabe, N ^ c" 

specific activity of 6 .lxl 0 5 cpm/mg viral 
various times, medium was removed an* „ 
30 chilled to 4»c »«.», * • emoved ' and cells were 

to * *-/ washed with ire t j . . 
essenH a i m ^ • ice-cold minimum 

essential medium containing l mg/ml bovine 

albumin. Surface-bound radioactiviw 

i-uaioactivity was stripped 
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with cold 0.5 ml phosphate buffered saline, pH 7.2 
containing 0.4% trypsin, 0.02% EDTA and separated 
from cells by centrif ugation. The cell pellet was 
solubilized in 0.2 N NaOH and Poly-Fluor (Packard, 
°5 Chicago, IL) , and trypsin-EDTA resistant 

(internalized) radioactivity was measured by 
scintillation counting (TRI-CARB 4530, Packard). 
Schwartz, A.L., at al^ J. Bim . r*~ m 15^:8878-8881 
(1981) . Non-specific uptake was measured in the 
10 presence of a 100-fold molar excess of 

asialoorosomucoid, and specific uptake calculated as 
the difference between total and non-specific 
measurements. All assays were performed in 
triplicate and the results expressed as means ± s.E 

ln termS ° f n 9 v "al RNA/1 0 5 cells as a function of 
time • 

Figure 2 shows that, of the two human and one 
rodent cell lines, only the human HepG2 
asialoglycoprotein receptor ( + ) cells demonstrated 
significant specific uptake of labeled virus 
Counts resistant to EDTA and trypsin, increased as a 
function of time and continued to rise linearly 
through 120 minutes of incubation at a rate of 
approximately 800 ng viral protein/hr/l 0 5 cells 
These data further support the notion that the " 
observed expression of the galactosidase gene by 
modified virus was in fact due to internalization of 
the virus by asialoglycoprotein receptors 



30 



dlitv of M^H fjgri Virus 
To assess the stability of modified virus 
samples of freshly prepared sterile, modified virus 
were incubated in serum-free Dulbecco-s modified 
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slip's mediUni ^ ^ 25 ° C - At Various 

inTubat ^ t0 ° f HSPG2 Cells — 

xncubated for 5 days. Cells were then assayed for 

B-galactosidase activity by coloring- 
described above All .„ COl0rimetric «»ay as 

ao ° ve - assays were performed in 

triplicate and the results PT Dr p« 0 , 

. 18 expressed as means + s E 

m terms of U/ma cell n^«<- • 

amount • Pr ° tein no ™alized for the 

iZfc , VirUS add6d " 3 fUnCti ° n ° f "me of 
at LLT T3ble 3 Sh ° WS th3t 6n2ymatic -tivity 
appro C ^ 25 ° C ' dSCreaSed With «- ^ 



05 



10 



Table 3 
5£ afcili£g n ^Modifi^ri w niJI 



15 



20 



25 



Temperature 



4 °c 



25°C 



Time of 
Incubation 

0 hr 
' 24 hr 
48 hr 

24 hr 
48 hr 



Specific Activity 
(Mean + s.E. 
U/mg protein)* 

50.3 + 1.2 

42.0 ± 5.6 
22.6 + 2.5 

37.1 + 2.8 
17 -6 ± 1.1 



after 5 days of exposure to modified virus 

art C ne f ^^^f%% a e ^°^?:S e e n a s C tivity was calculated 

virus alone, and s^El tJSES" *" ated 
virus plus a 100-fold moi ~ d Wlth modified 
asialoorosomucoid * T exces s of 
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The coupling of lactose to proteins to target 
artificial asialoglycoproteins is based on the 
specificity of sodium cyanoborohydride to reduce 
Schiff's bases formed between aldehyde and amino 
05 groups to render the bonds irreversible. Treatment 
of viruses with aldehydes is not always similarly 
benign. For example formaldehyde has been used to 
inactivate viruses in the production of vaccines. 
Buynak, E.B., £±_aJL J. Am. Merl , a BC „„ . 
10 2832-2834 (1976). The data presented here indicate 
that under the conditions described, the 
modification process results not only in altered 
specificity of infection, but also results in 
preservation of viral gene expression. Furthermore, 
15 the data indicate that the production of modified 

yet functional virus increased with increasing pH of 
the modification reaction up to a limit of 
approximately 8.0, beyond which the function of the 
virus became compromised. 

Many retroviruses have been shown to enter 
cells normally via endocytosis and are thought to 
introduce their genetic material during an 
acidification step in the pathway. Andersen, K.B 
and Nexo, P.A. Yi^O^ 125 : 85-98 (1983). Although 
the asialoglycoprotein endocytotic pathway is 
ultimately degradative with delivery of ligands to 
lysosomes (Tolleshaug, H. , ^ ^ fiiochim. B<nw „ T . 
^ 511:71-84 (1979)), early in the internalization 
process, endosomal endocytotic compartments are 
acidified prior to fusion with lysosomes. Tycko, B 
and Maxfield, R.F. ££1121:643-651 (1982). This 
period of acid exposure may be analogous to the 
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15 



natural route of entry for some viruses (Nussbaum, 
O., and Loyter, A. FSBg I t g&^ 221:61-67 (1987)) and 
may provide the requisite conditions for acid- 
mediated fusion of the viral envelope of endosomal 
membrane prior to destruction of the virus. 
Helenius, A. Bipl T Cell 5.1:181-186 (1984).' The fact 
that modified virus is still able to introduce its 
genome into target cells suggests that the process 
of chemical modification did not abolish the 
function of those elements of the virus. 



Crude preparations of virus obtained by 
low-speed centrifugation of medium from producer BAG 
cells followed by high-speed centrifugation through 
a discontinuous sucrose gradient as described 
previously was dialyzed against 0.9% saline, pH 7 5 
at 4-C After dialysis, NHS-LC-biotin (Pierce 
Chemical Co., Rockvilie, il) was reacted with the 
virus (0.1 mg/ml of virus) at roQm temperature fQr 

four hours. The sample was then dialyzed against 
0.9. saline, pH 7.5 at 4-C. Asialoorosomucoid 
(AsOR) was obtained by desialylation of serum 
orosomucoid originally derived from pooled human 

25 itiz Tr ead - d - h - ana sanmons ' 

B^y JL ^ ciiL ^209 (lg66)> AsQR Q i mg ^ ^ 
to l.o mg of virus, thoroughly mixed and then l.o mg 
of avzdin per mg of virus was added and allowed to 
mcubate at room temperature for four hours. The 
complex was then dialyzed against Modified Eagle's 
30 Medium. Complexed virus was purified on a Sephadex 
G150 molecular sieve column. To determine 
conditions for purification, a viral complex was 
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prepared in which asialoorosomucoid was labeled with 
125 I. Figure 3 shows that asialoorosomucoid alone 
was eluted from the column beginning at fraction 
number 32. Avidin, as detected by its optical 
05 density at 280 nm, eluted slightly later beginning 
at tube 33. However, unlabeled virus alone was much 
larger than either of the other two proteins and was 
eluted earlier with a peak at tube 29. The column 
was able to completely resolve virus from 
10 asialoorosomucoid and avidin. Figure 3 also shows 
that this virus complexed with 125 I-labeled AsOR 
mediated by biotin-avidin bonds, the radioactivity 
from the AsOR moved to the same position as expected 
for the intact virus, namely with a peak at tube 
15 29. These data indicate that some labeled 
asialoorosomucoid was bound by the virus and 
migrated with it through the column. 

In order to determine whether this complex 
could be used to target gene expression specifically 
to asialoglycoprotein receptor (+) cells, conjugated 
virus was incubated for 10 days with each of five 
cell lines: Hep G2, receptor (+) ; Huh-7, receptor 
(+); SK Hepl, human hepatoma receptor (-); Mahlavu, 
receptor <-) and Morris 7777, rat hepatoma receptor 
(-) cells. Figure 4, lane 1 shows that Hep G2 
receptor (+) cells treated with conjugate had 
beta-galactosidase activity at a level of 2.3 
units/mg of cell protein which is approximately 50% 
of the activity of the producer cell line, BAG shown 
in lane 11. Hep G2 cells without treatment were at 
a level of 1.81 units/mg. Huh-7 receptor (+) cells 
treated with conjugate had higher levels of 
beta-galactosidase, 3.8 units/mg as shown in lane 3 
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compared to those cells treated with biotinylated 
virus without asialoorosomucoid present in a complex 
shown in lane 4. This was similar to the levels 
obtained from these cells that were not treated at 
all as seen in lane 5. Lane 6 shows that Mahlavu 
receptor (-) cells treated with conjugate did not 
have any significant beta-galactosidase activity 
compared to those same cells that were untreated 
shown in lane 7. Similarly lanes 8 and 9 show that 
Morris 7777 cells treated with other conjugate or 
biotinylated virus without asialoorosomucoid, lanes 
8 and 9 respectively, showed no significant 
beta-galactosidase activity compared to those same 
cells that were untreated shown in lane 10. SK HE PL 
cells responded similarly to the receptor (-) Morris 
7777 cells. 



10 



15 



20 



In the staining procedure described in Example 
1, Hep G2 cells treated with the conjugated virus 
Produced a bluish coloration as did the Huh-7 cells 
treated similarly. However, cells that did not 
receive treatment had no staining. 



EXAMPLE 7 



25 



30 



Chaalcal-UpdifigatioT, am Ment ion of ho.^ r e11 

■j pecif j city of HepatiMg b Viryg f wpy) 

Hepatitis B virus is a human pathogen that 
possesses very narrow host (species) and organ 
(liver) specificities, a ^ the virus ±- alsQ 
very fastidious as evidenced by the fact that human 
hepatocytes or hepatoma cells in culture cannot be 
infected by HBV without unusual and highly 
artificial conditions such as high concentrations of 
corticosteroids . 
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Cells and PpI I Culture 

Hepatitis B virus (HBV) was obtained from 
Hep G2 producer cells chronically infected with HBV 
as described by Sells ejt al. Proc. Natl . Acari . ggj 

05 £4:1005-1009 (1987), and maintained in Dulbecco's 
modified Eagle's medium (MEM) containing G418 as 
380 mg/ml, supplemented with 10% heat inactivated 
fetal bovine serum. To test the infectivity and 
specificity of unmodified and modified HBV, two 

10 human cell lines were cultured. Huh7 human hepatoma 
cell line which possesses asialoglycoprotein 
receptors and IMR-90 fibroblasts which do not 
possess asialoglycoprotein receptors were maintained 
in Dulbecco's modified Eagle's minimum essential 

15 medium supplemented with 10% fetal bovine serum 

(FBS) . 



Isolation nf HRV 

HepG2 cells were cultured in serum free media 
for three days. The medium was centrifuged at 2000 
20 rpm to remove debris and the supernatant applied on 
10-20% lactose gradient, pH 7.4, 8.0 or 8.4, and 
ultracentrifuged at 40000 rpm in VTi55 rotor at 4°C 
for 16 hours to pellet and isolate the virus. 

Chemical Modification of HRV 
25 HBV obtained (3.0 mg of protein) was 

lactosaminated in a similar fashion to that 
described in Example 1 using 10 mg of sodium 
cyanoborohydride for 3 hours at 25°C. The modified 
virus was sterilized by filtration through 0.45 ym 
30 membranes and then dialyzed against MEM through 

membranes with a 12-14000 molecular weight exclusion 
limit followed by dialysis against MEM plus 10% FBS. 
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Huh? and IMR-90 cells were plated at 25-50% 
confluence in 35 or 100 mm diameter plastic dishes. 
Cell medium was removed and replaced with medium 
containing modified or unmodified virus and 
incubated at 37*C. Cells were washed and changed to 
fresh medium every three days and at regular 

intervals cells were studied fnr fhn ~ 
_.„„ otumea tor the presence of HBV 

and med i^ analyzed for the presence of 

hepatitis B surface antigen (HBsAg) . 

Detection of TaroetP^ HBV BB S i n ijuh 7_ C ells Tr P ^ c . 
with Modified ™* n^ difip „ ~ 

DNA was extracted from cells according to the 
method by Blin, N. and Stafford, D.W. mzJj^J^ 
Ee^ 2:2303-2312 (1976), in which the cells were 
washed twice with 10 ml of cold Tris-buf f ered saline 
(TB S)/ scraped off into TBS and centrifuged at 200 
rpm. The cell pellet was resuspended in 10 mM 
Tns-HCl, P H 8.0, 1 mM EDTA, P H 8.0, was added to 
the same buffer containing 20 mg/ml RNase, 0.5% SDS 
and then treated with proteinase K. Cellular DNA 
was isolated by ethanol precipitation after phenol 
extraction The DNA was analyzed by Southern blot 
using a Y 32 P _ ATp labeled ^ ^ ^ 

ITZT ^ HI reStriction f»gment of plasmid 

adw HTD carrying the HBV genome, obtained from Dr. 
Jake Liang, Massachusetts General Hospital). 

The Southern blot showed no hybridizable 
sequences when probed with our cDNA probe specific 
for HBV. This confirms the previous finding that 
Huh7 cells, even though of human origin, cannot be 
infected by unmodified HBV under the conditions of 



WO 92/06180 PCT/US91/07103 

-27- 

routine cell culture. In addition, the data 
indicate that the washing procedures eliminate any 
detectable non-specif ically bound HBV DNA on these 
cells. However, treatment of the Huh7 cells with 

05 modified HBV for as little as one day of incubation 
resulted in a strong signal of hybridizable bands on 
the Southern blot corresponding to those expected 
for the plasmid sequences. IMR-90, 
asialoglycoprotein (-) cells did not produce 

10 hybridizable sequences under any conditions. 

Detection of HB sAg in the Supernatant of Huh7 and 
IMR-90 Cells Exposed to Unm odified or Modifier! HFtv 

Medium from Huh7 and IMR-90 cells was incubated 

with modified or unmodified HBV as described above 
15 and at various intervals was assayed for HBsAg by an 

enzyme immunoassay kit (Auszyme Monoclonal). The 

conditions were those recommended by the 

manufacturer, Abbott Labs. 

As shown in Table 4, the background color 
20 absorbance was approximately 0.121 in untreated Huh7 

cells and there was no significant difference 

between day 1 and day 7. Unmodified HBV did not 

result in significant production of HBsAg . 

Absorbance here was approximately 0.180. Similarly, 
25 the color absorbance reflecting HBV levels in IMR-90 

cells did not exceed 0.110. However, Huh7 cells 

treated with modified HBV released HBsAg into their 

supernatants , with absorbance ranging from 0.760 to 

0 .865 . 
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Table 4 



Levels of Hepatitis B Surface Antigen (HBsAg) in 
Culture Medium as Determined by Auszyme Assay 

(Absorbance Units) 



Cells 



IMR ~9Q Huh7 



Modified Untreated Unmodified Modified 
HSV HBV HBV 



1 

10 3 



5 

7 .110 + .023 



• 135 


± 


.017 


.850 


+ 


.010 


. 186 


± 


.036 


.700 


± 


.012 


.171 


+ 


.010 


.865 


± 


. 053 








.764 


± 


.067 



Equivalents 

Those skilled in the art will recognize, or be 
15 able to ascertain using no more than routine 
experimentation, numerous equivalents to the 
specific procedures described herein. Such 
equivalents are considered to be within the scope of 
this invention and are covered by the following 
20 claims. 



-29- 
CLAIMS 



PCT/US9 1/071 03 



A method of targeting a virus or a cell for 
internalization into a target cell, comprising 
introducing onto the surface of the virus, or 
cell, a molecule which binds to a surface 
receptor of the target cell to produce a 
modified virus or cell which binds to the 
receptor, is internalized selectively by the 
cell in vivo and expresses the delivered 
nucleic acid. 



The method of claim 1, 
cell is a bacterium, a 
cell . 



wherein the virus or 
protozoan or a mammalian 



The method of claim 1, wherein the virus or 
cell, in unmodified form, is not normally 
internalized by the target cell. 

The method of claim 3, wherein the virus or 
cell is a human pathogen and the target cell is 
a nonhuman cell. 

A method of targeting the internalization of a 
virus or viral component into a target cell, 
comprising introducing onto the surface of the 
virus or viral component a molecule which binds 
to a receptor of the target cell to produce a 
modified virus or viral component which binds 
to the receptor and is internalized selectively 
by the cell. 
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6. The method of claim 5, wherein the virus is 
infective . 

7. The method of claim 5, wherein the virus or 
viral component is replication defective. 

05 8. The method of claim 5, wherein the virus is a 
retrovirus. 

9. The method of claim 5, wherein the virus, or 
viral component, in unmodified form, does not 
infect the cell. 

10 10. The method of claim 9, wherein the virus is a 
human pathogen and the target cell is a 
nonhuman cell. 

11. The method of claim 5, wherein the virus is a 
pathogen for hepatocytes. 

15 12. The method of claim 10, wherein the virus is a 
hepatitis virus. 

13. The method of claim 12, wherein the receptor 
mediates endocytosis of the molecule by the 
cell. 

20 14. The method of claim 13, wherein the receptor is 
an asialoglycoprotein receptor, the molecule 
introduced onto the surface of the virus, or 
viral component, is a ligand for the 
asialoglycoprotein receptor and the targeted 

25 cell bears an asialoglycoprotein receptor. 
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15. The method of claim 13, wherein the ligand for 
the asialoglycoprotein receptor is galactose or 
N-acetyl galactosamine and the target cell 
bearing an asialoglycoprotein receptor is an 
hepatocyte . 

16. The method of claim 5, wherein the molecule is 
introduced onto the surface of the virus or 
viral component by chemical coupling. 

17. A method of targeting the infectivity of a 
virus to a cell bearing an asialoglycoprotein 
receptor, comprising introducing onto the 
surface of the virus a ligand for the 
asialoglycoprotein receptor to produce a 
modified virus which infects a cell bearing 

15 asialoglycoprotein receptor. 

18. The method of claim 17, wherein the ligand for 
the asialoglycoprotein receptor is lactose or 
galactose . 



10 



20 



19. The method of claim 17, wherein the cell 
bearing the asialoglycoprotein receptor is an 
hepatocyte. 

20. The method of claim 17, wherein the virus is a 
human pathogen and the cell is a non-human cell. 



21. 

25 



The method of claim 20, wherein the virus is 
hepatitis virus. 
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A modified virus, or component thereof, having 
on its surface a molecule which binds to a 
surface component of a cell which is not 
normally infectable by the virus in its 
unmodified form, the modified virus, or 
component thereof, being capable of binding to 
and being internalized by the cell. 

The modified virus of claim 22, wherein the 
cellular surface component of the cell is a 
receptor which mediates endocytosis by the cell 

The modified virus of claim 23, wherein the 
receptor is an asialoglycoprotein receptor and 
the molecule is a ligand for the asialoglyco- 
protein receptor. 

The modified virus of claim 22, which is a 
human pathogen. 

The modified virus of claim 25, which is a 
hepatitis virus. 

Modified hepatitis virus containing lactose or 
galactose terminal carbohydrates on its surface 

A method of introducing nucleic acid into a 
cell, comprising: 

a) incorporating the nucleic acid into a 
viral vector comprising a modified 
virus, or viral component, containing a 
molecule on its surface which binds to 
a surface component of the cell; and 
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b) contacting the viral vector and the 
cell under conditions which allow the 
vector to become internalized by the 
cell and expresses the introduced 
nucleic acid. 

The method of claim 28, wherein the virus, or 
component thereof, in unmodified form, does not 
ordinarily infect the cell. 

The method of claim 28, wherein the nucleic 
acid is an expressible gene. 

The method of claim 28, wherein the virus is a 
retrovirus . 

The method of claim 28, wherein the molecule 
introduced onto the surface of a virus or viral 
component is a galactose derivative, the 
cellular surface component is a ligand for the 
asialoglycoprotein receptor and the cell bears 
an asialoglycoprotein receptor. 

The method of claim 32, wherein the cell 
bearing an asialoglycoprotein receptor is an 
hepatocyte . 
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A method of infecting an animal cell with a 
human virus that, in unmodified form, does not 
normally infect the animal cell, comprising 
providing a modified human virus having on its 
surface a molecule which binds to a surface 
component of the animal cell, the modified 
human virus being capable of binding to and 
infecting the animal cell and contacting the 
modified virus and the cell under conditions 
which allow the modified virus to bind to and 
infect the cell. 

The method of claim 34, wherein the human virus 
is a human pathogen. 

The method of claim 34, wherein the animal cell 
and the modified virus are contacted in vivo.. 

The method of claim 34, wherein the animal cell 
and the modified virus are contacted in vitro . 

An animal cell infected with a modified human 
virus, the cell being uninfectable by the virus 
in unmodified form. 

The animal cell of claim 38, comprising an 
hepatocyte infected with hepatitis virus. 

An animal infected with a modified human virus, 
the animal being uninfectable by the virus in 
unmodified form. 
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day 10 




I 2 3 

HepG2 
I: conj. 

2: no treatment 

HUH-7 

3: conj. 

4: bio-MLV 

5: no treatment 

Mahlavu 
6: conj. 

7: no treatment 

MC7777 

8: conj. 

9: bio-MLV 
10: no treatment 

BAG 

II: no treatment 
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